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Abstract 

N=l, D=4 Superstring possessing a SO (6) <g> 50(5) symmetric action and with the same gauge 
symmetry obtained from the zero mass spectrum of vector meson as well, is constructed from the 
bosonic string in twenty six dimensions. Without breaking supersymmetry, the gauge symmetry 
of the model descends to the supersymmetric standard model of the electroweak scale in four 
dimension. It is proved that there can be three generations in the model. 
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The model begins from the Nambu-Goto bosonic string theory in the world sheet 

(cr, r) which makes sense in 26 dimensions. The reason is easy to see. The string action in 
twenty six dimension is 

S B = ~^Jd 2 cr (d a X»d a X^) , ii = 0,l,2,..., 25. (1) 

where d a = (<9 CT ,<9 r ). The central charge for bosons is easily found by using the general 
expression for the two energy momentum tensors at two world sheet points z and u 

2 < T(z)T(u) >= + (2) 

[z - UJ) 

The coefficient of the most divergent term as C in equation (j2J) is the central charge. For 
free bosons, the central charge is 

Cb = 8$ (3) 
For equation (JTJ i.e. the action Sb has a central charge 5^=26. So the action (JTJ) is not 
anomaly free. One adds to equation (JTJ) of the action of the conformal ghosts (c + , b ++ ) 

Sfp = ^ J (c + d-b++ + c-<9+c__) d 2 a (4) 

This action (jlj has a central charge —26, independent of the dimensionality of the string. 
To have an anomaly free string theory, the central charge of the conformal ghosts should be 
able to cancel only when the C=5^=D=26. The string is physical only in D=26 dimension 
with the total central charge zero. Using Mandelstam's jj| proof of equivalence between one 
boson to two fermionic modes in the infinite volume limit in (1+1) dimensional quantum 
field theory, one can rewrite the action as the sum of the four bosonic coordinates X^ 1 of 
SO (3,1) and forty four fermions having internal symmetry SO (44). If this is anomaly free, 
this is also true in finite intervals or a circle. Noting that the Majorana fermions can be in 
bosonic representation of the Lorentz group SO(3,l), the forty four fermions are grouped 
into eleven Lorentz vectors of SO(3,l) which look as a commuting internal symmetry group 
when viewed from the other internal quantum number space. The action is now 
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Sfb = — — Ida 



n 

d°X^a, r) d a X^a, r) - z ^ ^p a d a ^ >3 

3=1 

and is anomaly free with Spp of equation (jlj. The upper indices j,k refer to a row and that 
of lower to a column and 



(5) 



P°= (6) 




and 

>-(::) 

Dropping indices 

i) = tfp°. (8) 

p a 's are imaginary so the Dirac operators p a d a is real and this representation of Dirac 
algebra, the components of the world sheet spinor ip^ are real and are Majorana spinors. 

One has introduced an anticommuting field ip^' 3 that transforms as vectors - a bosonic 
representation of SO(3,l). ip^ maps bosons to bosons and fermions to fermions in the 
space time sense. There is no clash with spin statistics theorem. Action (jSJ) is a two 
dimensional field theory, not a field theory is space time. r/>^ transforms as a spinor under 
the transformation of the two dimensional world sheet. The Lorentz group SO(3,l) is merely 
an internal symmetry group as viewed in the world sheet. This is discussed in reference |4|. 

The central charge of the the free fermions in action © as deduced by calculation from 
equation is 
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so that the total central charge of equation (jSJ) is 



Cf = rfffi, (9) 



Csb = S£ + Sffi = 4 + i x 4 x 11 = 26 (10) 

The total central charge is zero with Spp- As a check of equation ([10)1 . the central charge of 
a ten dimensional superstring is 10+- x 10 x 1 = 15 . So this formula is correct. However, 
the action © is not yet supersymmetric. The eleven ip^ 3 have to be further divided into two 
species; ip^ 3 ', j=l,2,..6 and fc=7,8..11. For the group of six, the positive and negative 
parts are ip^' J = ip( + ^>J _|_ ^(-W whereas for the group of five, allowed the freedom of phase 
of creation operators for Majorana fermions in <p^ ,k = 0(+)^> fc — 0(~)^> fc . The action is now 

S = -^J #° [d a X»d a X, - i ^ p a d a ^ + i <^ fc P Q d a (11) 
Besides SO(3,l), the action (JTTJ) is invariant under £0(6) ® SO(5). It is also invariant 
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under the supersymmetric transformation 

5X^ = e(e^^-e k r k ), (12) 
8^ = -ie j p a d a X» e (13) 
6<ff> k = ie k p a d a X» e. (14) 

e is a constant anticommuting spinor. e- 7 and e k are taken as eleven numbers of a 
row matrix with e J e,,=6 and e k ek=5. They look like e 1= (1,0, 0,0, 0,0, 0,0, 0,0,0) and 
e 7 =(0,0,0,0,0,0, 1,0,0,0,0). 

There is wide mismatch between the fermionic and bosonic modes in the action (|llj). 
To investgate these disturbing features, we find that the commutators of two successive 
supersymmetric transformations lead to a translation with the coefficients a a = 2 i e 1 p a t2 
provided the internal symmetry indices (SO(ll) in equation © or SO(6)®SO(5) in equa- 
tion lfTTj) ) satisfy 

If = e^, <ft = e k *», (15) 

These are the two key equations. They also state that of the eleven sites (j,k), the super 
fermionic partner is found in one site only. On ] th or k th site, it emits or absorbs quanta as 
found by quantising ip^ or <p^ k respectively prescribed by the action (fTTj) . The alternative 
auxilliary fields are not needed. The is given by 

y» = e itf - e fc 0£- (16) 

It is easy to verify that there is no e- 7 or e k and 

5X» = e^ M , = -iep a d a X" (17) 

and 

[<Ji, 5 2 }X» = a a d a X^ [S u = a a d a ^ (18) 

We immediately obtain a Nambu-Goto superstring in four dimensions from the action (fTT]) 
using equation (fT5|). The action is 

S = -^ f d'aidaX^X^- z*V3a*„) ( 19 ) 

Thus the action fn$ is truely supersymmetric. Quantising this action in well written down 
procedure, the particle spectrum is very rich unlike quantising (|19|). We also need the 
internal symmetry 50(6) ® SO (5) of the action (fTTj) . 
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From equations (|T7|) and (fTHj). it follows that the superpartner of X^ is \E f/i . Introducing 
another supersymmetric pair the Zweibein e a (a, r) and the gravitons Xa = V Q e, the local 2-d 
super symmetric action, first written down by Brink, Di Vecchia, Howe, Deser and Zumino 0, 



6| is 



S = / d 2 a < 

2tt 



(20) 

This action has several invariances. For detailed discussions, see reference |4J. Varying the 
field and Zweibein, vanishing of the Noether current J a and the energy momentum tensor 
T a/ 3 is derived. 



and 



T aP = d a X»dpX„ - ^p^dpfHp = 0. (22) 



In a light cone basis, the vanishing of the light cone components are 

J± = d±X^ ± = (23) 

and 

T ±± = 8 ± X»d ± X, + - \r±d±4>±^ (24) 

where d± = |(<9 r ± d a ). 

The central charge of the action (fTT|) is C = 5£ + §<^(<5j + <5£)=26 also. This is a 
supersymmetric action and with the conformal ghosts, the anomaly vanishes. But there will 
be current generator constraints for which we need superconformal ghosts for BRST charge. 
I shall come back to this problem later in this article. 

The action in equation ()20|) is not space time supersymmetric. However, in the fermionic 
representation SO(3,l), fermions are Dirac spinors with four components a. We construct 
Dirac spinor like equation (fT7)|) as the sum of component spinors 

6 11 

e a = ^e^ a -^e fc # fcQ . (25) 

j=l k=7 

With the usual Dirac matrices F^, since the identity 

r M V[i^r^3] = o (26) 
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is satisfied due to the Fierz transformation in four dimension, the Green-Schwarz action []| 
for N=l supersymmetry is 

s = ^J d2(r (^ Q/3n « n /3 + 2ie^d a x^r^e) , (27) 

where 

II£ = d a X» - iGT^daQ. (28) 

This is the N=l and D=4 superstring originating from the D=26 bosonic string. It 
is difficult to quantise this action covariantly. It is better to use NS-R (IJ 0] formulation 
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with G.S.O projection [10(. This has been done in reference [ljj, |14 1, while quantising each 
eleven component fermions if)? and 0^, there appears eleven additional ghosts, 77 00 being -1. 
But, there can be similarly 11 x 2 constraint equations from one equation ()23|) . Since the 
superpartner ^ has been identified, we omit further refering to ej, e k for easy reading. 

To outline briefly, let L m , G r and F m be the Super Virasoro generators of energy, momenta 
and currents. Let ct's denote the quanta of X M field, b's and b"s denote quanta of if) and </> 
fields in NS formulation and d, d' in R formulation. Then, 



— 7T 
OO 



NS 



1 1 1 

= 2 S : a ~ n ' am+n : +2 ( r + ^ : ( b ~ r ' hrn+r ~ b '- r ' b ' m+r ^ : 

oo 1 °° 1 

= 2 S : a ~ n ' am+n : + 2 S ( n + ' ' dm+n ~ d '~ n ' d ' m+n ^ ' ' R ^ 

— oo n=— oo 

~ 7r n=— oo 

and 

oo 

i^m = y^«_ n ■ (e J rf w+r j - e k d' n+r k ) . R (31) 
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and satisfy the super Virasoro algebra with central charge C 

C 

[L m ,L n ] = (m-n)L m+n + — (m 3 - m)5 m _ n , (32) 
[L m ,G r ] = {\m-r)G m+r , NS (33) 



{G r , G s } = 2L s+r + |(r 2 - (34) 
[L m ,F n ] = (\m - n)F m+n , R (35) 



C 

{F m , F n } = 2L m+n + — (m 2 - l)5 m _ n , m^fl. (36) 

This is also known that the normal ordering constant of L Q is equal to one and we define 
the physical states as satisfying 

(L -l)\(j)> = 0, L m |0>=O, G>|0>=O for r,m>0, NS Bosonic (37) 
L m |-?/> > = -F m |-0 >= for m > 0, : i? Fermionic (38) 

(L Q - 1)|V >„ = (F 2 - >«= 0. (39) 
So we have 

(F c + 1)1-0+ > a = anrf (F - 1)|^_ > Q = : i? (40) 

These conditions shall make the string model ghost free. 

It can be seen in a simple way Applying L Q condition the state a^ 1 |0,/c > is massless 
and the L\ constraint gives the Lorentz condition /c M |0, k >= implying a transverse photon 
and Gupta Bleuler impose that adj^ >= 0. Applying L 2 , L 3 constraints, one obtains 
o£J0 >= 0. Further, since [a° 1; G r+ i]|0 >= 0, we have 6° -|0 >= and b'° k \(f) >= 0. All 
the time components are eliminated from Fock space. 

The central charge, coming from (|TT| is 26. This is cancelled by the contribution of the 

action of the conformal ghosts -26. However, one must have superconformal ghosts which 

contributes a central charge 11 so that the current generators constraints (|3*K|) and (|39jl are 

preserved by the BSRT nilpotent charge. We search for a action which is ghost like and and 

has central charge 11. It is easily found. The light cone part of the action (fTTj) namely 

. „ 3 

S u = d 2 oJ2 {r' j P a d a ^,j ~ r j P a d a <j>^) (41) 

has central charge 11 using equation JSJ). The superconformal ghost action should be the 
same in a supplemented ghost space where the fermions behave like bosons and vice versa. 
A separate action for superconformal ghosts will overcount the central charge by 11. 



I examine the possibility of the action S l p c contained in equation ([11)1 to be transformable 
to the action of superconformal ghosts. It is simpler to use ^ r± = 4= ± so that the 
action is 

S l F c = -- I d 2 a y + p a d a ^- (42) 
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One supplement the ghost space by the superconformal ghost space obeying reverse statistics. 
One can do this by letting \E f± (cr) to be dependent on Grassman variables 9 and 9 as well. 
Then the action takes the form 

S l F c = - % -\ d2 ° J d9 J d9 $+(9) p a d a ^-(9). (43) 
Expanding the fields as 

qr+(9) = ... + 07 + ... (44) 

and 



+2 i p a ^-{9) = ■■■ + 9p a + ■■■ (45) 
The Superconformal ghost action is pulled out as 

S 1 ^ = ~f d 2 o id a (3 a (46) 

The energy momentum tensor is 

T ++ = -ly d + (3 - - A Pd +1 , (47) 

and the wave equations are dj = d/3 = 0. This has central charge With 'p' integral 
for Ramond and half integral for NS, the field quanta j p , (3 P satisfy the only nonvanishing 
commutator relation 

[7 P , p r \ = Sp+r. (48) 

The L' c -generator is transformed into 

= J2( n + \ m ) ■ Prn-nln I (49) 
n 

This is equal to the superconformal ghosts of the normal 10-d superstring. 

All that we need to prove that the nilpotency of BSRT charge is that the conformal 
dimension of 7 is '-1/2' and that of (3 is '3/2' respectively. They can be deduced from 
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equation(|4ljj) using equation (|48[). We now proceed to write the nilpotent BRST charge. 
The part of the charge which comes from the usual conformal Lie algebra technique is 

(Ql) NS ' R = J2( L -mCm) NS ' R ~ g J2( m ~ ^ : C -mC-nb m +n - a C o] Q\ = for a = 1. 

(50) 

Using the Graded Lie algebra, we get the additional BRST charge, in a straight forward 
way, in NS and R, 

Q'nS = /^G-rlr ~ y,7-r7-A+«, 
Q'r = ^ F-mlm - ^ 1-ml-nbn+m- (51) 

As constructed, the BRST charge 

Q BRST = Ql + Q', (52) 



is such that Qbrst = in both the NS and the R sector jll|. In proving {Q',Q'} + 
2{Qi,Q'} = 0, we have used the fourier transforms, the wave equations and integration by 
parts, and to show that 

r V7A,- s = 7r7A,-« = 0. (53) 

r s 

Thus the theory is unitary and ghost free. 

Interestingly, Polchinski ^ has proved that such actions allow only a very limited pos- 
sible algebra. They are shown in a table depending on the central charge of the ghosts. 
The present case belongs to either N=0 with C 9host =-26 or N=l with C 9host =-15. More 
interestingly, Polchinski adds that for N=0 and N=l, there can also be additional spin 1 
and spin | constraints, provided that the supercurrent is neutral under the corresponding 
symmetry. These larger symmetries are not essentially different. The total central charge 
of the ghosts allow additional matter but the additional constraints precisely remove the 
added states, so that they reduce to the N=0 or N=l theories. In our case, we started out 
for the action (jlljl with Crp=-26 i.e. an N=0 supersymmetry. But due to fermionic matter 
and the current constraints (J37|) to (J4(Jj) . the super conformal ghost with C 9h =ll had had 
to be added. They were taken out of the action (jllj) as S l F c ' which was shown to be the 
same as super conformal ghost action equation (|49J1 . Thus , finally one ends up with N=l 
supersymmetry with C 9h —-15. 



There are no harmful effective tachyons in the model eventhough 

«'M 2 = -1,-1,0,1,1,- NS (54) 

and (55) 
a'M 2 = -1,0,1,2,3, R. (56) 

The G.S.O. projection eliminates the half integral values. The tachyonic self energy of 
bosonic sector < 0\(L o - 1) 1 10 > is cancelled by - < 0|(F o + 1) _1 (.F - 1) 1 10 > R ; the 
negative sign being due to the fermionic loop. One can proceed a step further and write 
down the world sheet supersymmetric charge 

Q = - f p Q p^d a X^„da (57) 

Jo 

and find, as it must, 

^2{Ql,Q a } = 2H and J] |Q Q |0 O > | 2 = 2 < <f) \H \<f> > . (58) 

a 

The ground state is of zero energy. There are no overall tachyons in this Superstring. 

To prove the modular invariance, one has to use the G.S.O. condition. In covariant 
formulation, the number of degrees of freedom of fermions is the number obtained after 
substraction of constraints from the total number. In our case the total number is 44 and 
there are four constraints. So the physical fermionic modes is 40. The partition function Z 
can be found by putting the 8 such fermions(2 3 of SO (6) ) in each of five boxes. This is a 
multiplication of spin structure of eight fermions given by, 

Mr) = (0 3 (r)Mr)) 4 - (e 2 (r)/ry(r)) 4 - (0 4 (r)/r ? (r)) 4 (59) 

and 

A 8 (l+r) = -A(r) = A(--), (60) 

r 

where the 0(r)'s are the Jacobi theta function, q = exp(mr) and i](r) is Didekind eta 
function. Due to the Jacobi relation ^4s( r ) — 0, the entire partition function which is the 

n 

product of all constituent partition functions [14] of the model vanishes. 

The zero mass particle spectrum of the quantised action(|llj) is very large. They are 



scalars, vectors and tensorial in nature. In reference 



12 1 with Maharana, we have shown 



that the massless excitations of the standard model can be found from this model. There 
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are also Graviton and Gravitino jisj . For the gauge symmetry, one has to find massless 
vector bosons which are generators of a group. We follow the work of Li Q]. 
Consider O(n). There are \n{n — 1) generators represented by 

d d 

Lij=Xi l)X j ~ Xj ~dX i ) i ^' = 1 '--» n - ( 61 ) 



Using 

d 



, the Lie algebra which is the commutator relation among the generators 

[Lij, Lki] = SjkLu + SuLjk — SikLji — SjiLik. (62) 

Hence one must have |n(n — l)vector gauge bosons with the transformation law 

Wg - Wg + e*Wg + e 3l W^ Wg = -W£, (63) 

where = — eji are the infinitesimal parameters which characterised such rotation in O(n). 
Under gauge transformation of second kind, 

W$ - Wtj + e ik W» + e jt W£ + ^<9% . (64) 

The Yang-Mills Lagrangian is then written as 



L = ~\\F^\ 2 (65) 



with 

F g = a»W% - dTWjj + g - , (66) 

has the obvious properties, namely 

QFVf = 0, dpF!? = d v Fj? = 0, Fj? = 0. (67) 

There are two sets of field strength tensors which are found in the model, one for SO (6) 
and the other for SO (5). Since OF^ u = 0, one can take plane wave solution and write 



Fij V ( x ) = Fijip) exp(ipx) (68) 

then 

P 2 F? 3 V {P) = P,F^(p) = p v F%{p) = F%{p) = 0, F% (p) = -F£{p). (69) 
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These are physical state conditions (|37 )l -(|59 j) as well. 

L F^(p) = 0, G h F%(p) = 0, and LtFtfip) = 0. (70) 

The field strength tensor is found to be 

F^(p) = lfbf\0,p>; (71) 

(i,j)=l,...,6 for 0(6) and 1,....,5 for 0(5) with b' replaced by b. For simplicity, we drop the 
'p' dependance and the f's so that F^ — b% 6J. In terms of the excitation of the quanta of 
the string, the vector generators are 

w S = ^j «^Aj ( 72 ) 
n K is the time like four vector and can be taken as (1,0,0,0). One finds that 



= (n K e™ x °p» - n K e^ x °p v ) b X4 b aJ = (73) 

as fi must equal v if k, A, a are the same. Again, 

9 (W&WZ - W^WQ = i (n, b x ,X,k n K , e* VAV by, k b a , - «- i/) 

= m = Ft-- (74) 

We have used 

{b\'k, b aj } = rjx'aSkk = n rjx'a- 

Since the product of pairs of b and b' commute, the gauge group of the action (|TT|) is the 
product group SO (6) <S> 5*0(5). This is same as the symmetry of the action ([lip. 

To descend to the standard model group SUc(3) <8> SUl(2) <g> £/y(l), it can be normally 
done by introducing Higgs which breaks gauge symmetry and supersymmetry. However, one 
uses the method of symmetry breaking by using Wilson's lines, supersymmetry remains in 
tact but the gauge symmetry is broken. This Wilson loop is 

U 7 = P exp^ A^dx"). (75) 

P represents the ordering of each term with respect to the closed path 7. The details of the 
closed loops are given towards the end of the article for each particular case. SO(6)=SU(4) 
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descends to SUc(3) ®Ub-l(X)- This breaking can be accomplished by choosing one element 
of Uq of SU(4) such that 

U 2 = 1. (76) 

This element generates the permutation group Z 2 . Thus 

50(6) 



SU C (3) <g> fWl) 



(77) 



without breaking supersymmetry. Similarly SO (5) — > 50(3) <8> 50(2) = SU(2) ® Z7 (1). We 
have 



50(5) 



5C/(2) ® U{1) 



Thus 



50(6)® 50(5) 



5t/ c (3) ® C/B-i(l) ® C/ fl (l) ® 5f4(2) 



(78) 



(79) 



Z 2 ® Z 2 

making an identification with the usual low energy phenomenology. But this is not the 
standard model. We have an additional U(l). There is an instance in E$ where there is a 
reduction of rank by one. Following the same idea jj], we may take 



/ 



Uy = K) 



ft 



ft 



\ 



t 



(80) 



a\ =1 such that a 7 is the cube root of unity. This structre lowers the rank by one. We have 



50(6) g 50(5) 



SU C (3) ® SU L {2) <g> U Y {1) 



(81) 



arriving at the supersymmetric standard model. 

We can elaborately discuss the Z 3 described by jl^j], 

9(9,, 9 2 , 9 3 ) = - 2ft, y + 2 , y + 3 ). 

As promised earlier, for one of the first Wilson loop, the angle integral for 9\ 



(82) 



2tt 



to 



2tt 4tt 2-7T 



,, — (| , so that the loop integral vanishes. 9 2 = to 27r — 4^ = f or the second loop 
described by a length parameter R. # 3 = to 2n — ^ = 4^ for the remaining loop with the 
same R. We take the polar components of the gauge fields as non zero constants as given 
below. 



15 



15 
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for SO(6) = SU(4) for which the diagonal generator ti§ breaks the symmetry and 



n 'AlO _ at 

for SO(5), the diagonal generator being t' w . The generators of both SO(6) and SO(5) are 
4x4 matrices. We can write the Z3 group as 

T = Tq{Tq^Tq z . (83) 

We have T dl =1. This leaves the unbroken symmetry SU(3) x SU{2) untouched 

T d2 = exp t 1B 3 # 15 Rd6?J (84) 
Tg 2 7^ 1 breaks the SU(4) symmetry 

T d3 = exp (i t' w jf 3 #' 10 Rd9 3 j (85) 
Tg 3 7^ 1 breaks the SO (5) symmetry. But the remaining product of Z% is 

Te.Tg, = exp (1 [ 3 (# 10 t' 10 + # 15 t 15 )RdB ) (86) 



Since $15 and i?' 10 are arbitrary constants, we can choose in such a way that ^15^15 + 

^io^'io = ^'^' The t erm m the exponential is zero or multiples of 2m. Thus T= U(l) 

and equation (29) is obtained, reducing the rank by one 

Thus we have made the successful attempt in constructing a N=l, D=4 superstring with 
the gauge symmetry SO (6) <S> SO (5) which, with the help of Wilson lines, descend to the 
SUSY standard model. Since the Z 3 has three generators and Euler number 3, we get three 
generations of the standard model because SO(Q) <g> SO (5) -> Z 3 ®SU C (3) ®SU L (2) ®C/y(l). 
This is a very important result. The results of this article deserve immediate and serious 
attention of the physicists interested in String theory. 

I have profitted from a discussion with Prof L.Maharana which is thankfully acknowl- 
edged. 



[1] Y. Nambu, Lectures at Copenhagen Symposium (1970). 



14 



[2] T. Goto, Prog. Theo. Phys. 46 (1971) 1560. 
[3] S. Mandelstam, Phys. Rev. Dll(1975) 3026. 

[4] M.B. Green, J. H. Schwarz and E. Witten, Supersymmetry Theory Vol-I and Vol-II, Cambridge 

University Press, Cambridge, England (1987). 
[5] L. Brink, P. Di Vecchia and P. Howe, Phys. Lett. 65B (1976) 471. 
[6] S. Deser and B. Zumino, Phys. Lett. 65B(1976) 369. 

[7] M. Green and J. H. Schwarz, Phys. Lett. 136B(1984) 367; Nucl. Phys. B198 (1982) 252, 441. 

[8] A. Neveu and J. H. Schwarz, Nucl. Phys. B31(1971) 86. 

[9] P. Ramond, Phys.Rev. D3(1971)2415. 
[10] F. Gliozzi, J. Scherk and D. Olive, Phys. Lett. 65B(1976)282 
[11] B. B. Deo, Phys. Lett. B 557 (2003) 115. 

[12] B. B. Deo and L. Maharana, Particle Spectrum of the Supersymmetric Standard Model from 
the Massless Excitations of Four Dimensional Superstring, hep-th/0302133 to be published in 
Mod. Phy. Lett. A. 

[13] S. P. Misra, Introduction to Supersymmetry and Supergravity, Wiley Eastern limited(1992). 
[14] B. B. Deo and L. Maharana, A Novel Superstring in Four Dimensions from the Bosonic String 
with Some Applications, hep-th/0307172 , 



[15] L. F. Li, Phys. Rev. D9, 1723 (1974). 

[16] L. F. Li, Phys. Rev. D5, 417 (1972). 

[17] N. Seiberg and E. Witten, Nucl. Phys. B276 (1986) 27. 

[18] B. B. Deo, Supergravity from Bosonic String, hep-th/0408130 

[19] J. Polchinski, String Theory, Vol. II, Cambridge University Press, Cambridge, 1998. 



15 



